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ABSTRACT
Seven electromaze problems were administered to physics and American Studies
majors. There was a significant difference in the variabilities of the two
groups on three of the problems with respect to trials and on four with
respect to time, There were significant differences between the means
of the number of trials for two problems., A high and significant correlation
between time and number of trials was found for the physicists, but not
for the American Studies subjects. The correlations between the Miller

Verbal Analogies and the electromaze scores were not significant,



Electromaze Performance of Graduate Students in Physics and American Studies®

A new electric multiple choice test has been described in a previous
paper (1), It was postulated that the device might be used as a non-verbal
test of reasoning, In a preliminary study seven elctromaze problems were
administered to graduate students in physics and journalism., Significant
differences were found in the variabilities of the two groups with respect
to the number of trials and the time, The differences between the means
were, in general, not significant, The correlations between the electromaze
and the Miller Verbal Analogies scores were low and not significant,

A second investigation was carried out during the Summer 1952, with
two more groups of graduate students, The same seven problems were used,
However, the directions to the subjects were modified, and the order of
two problems was interchanged,

The Problem

As in the first study, the present experiment was designed to test
three null hypotheses:

l. There are no significant differences between the means of the number

of trials required to solve the electromaze problems by two populations

of graduate students,
2+ There are no significant dirferences between the means of the electromaze

time scores for two populations of graduate students.
3+ The correlations between the scores on the electromaze problems and the

Miller Verbal Analogies Test are not significant,

A fourth hypothesis involving the product of the trials and time scores
was also testcd.

It was decided to reject the hypotheses at the Five per cent level

of significance,

#Under contract N8 onr - 66213, ONR Project NR192-041
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Procedure

The Sample Population

The subjects of the experiment were selected from two populations of
graduate students at the University of Minnesota, The electromaze test
was given during July 1952 to 26 physics aﬁd 28 Ameridan Studies majors.
The subjects constituted approximately fifty per cent of the male students
enrolled in the graduate school during 1951-52 in the two fields, All
the subjects were natives of U,S,A. or Canada so that the Miller Verbal
Analogies test could be used as one of the variables,

Administration of the Klectromaze Test

As in the preliminary investigation, the subjects were tested individually,
The testing procedure in the present study differed from the first experiment
in two respects. First, the directions were greatly shortened and presented
to the subject on a L4 x 6 card, as shown in the Appendix. Second, the
subject was not given an explanation of the "clue" light, but told to
Wwatch the orange light", Also, problems six and seven were interchanged.

The time and the number of trials were recorded as in the first study.
Whenever the subject had a question or wanted some supplementary information
he was told to reread the directions, cr that he could not hurt the apparatus
by trying any button arrangement, In general, the subject was left to his
own devices, When the time on the simpler problems exceeded 10 - 15 minutes
and it was evident to the experimenter that the subject was "lost", he
was told to go on to the next problem., If the second problem was solved,
then the subject was allowed to come back to the unsolved problem, 1In
a few cases the subject was able to come out of the "blind alley" and
reached the goal in a short time, Others simply gave up, saying that they
could not think of any more moves, All but one of the physicists completed
the entire series of problems, Eight of the American Studies majors were

not able to solve one or more of the problems,
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Each subject was asked at the conclusion of the test: WWhat do you
think this device measurest", "Do you have any comments and suggestions
about the device and procedures?" The comments were recorded/ The subjects
were also asked not to discuss the device with anyone,
All the subjects were paid at the prevailing hourly rate scale for
graduate students at the University of Minnesota,

The Miller Verbal Analogies Scores

The lMiller Verbal Analogies raw scores were obtained from the departmental
offices. Form G was administered individually to the subjects who had not
taken the iiller test prior to the present study., Two points were added
to the scores on Form H in the range of 30 to 70, as recommended in the
manual (2).

Results

Number of Trials

a. Successful solution of all problems

The statistical summary of the data on the number of trials by the
subjects who were successful with all the problems is shown in the upper
half of Table 1 of the Appendix, There was a significant difference in the
variabilities of the two groups, as shown by the F-test, on problems 1, 2, 6,
The differences between the means were statistically significant for
problems 1 and 2, with the physicists taking the smallest number of trials
fﬁr successful solutions,

be Successful solution of some problems

Using the data on all the subjects who had completed a given problem
the variabilities and means were compared for problems 1, 2, 3, L, as shown
in Table 2 of the Appendix, All the subjects completed the first two

problems, There were significant differences. in the variabilities and the
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means of the two groups for problems 1 and 2, There was a significant
difference in the variabilities of the two groups for problem L, The
analysis was not extended to the remaining problems since the number of
unsuccessful subjccts increased rapidly from problem 5 on,

Time

a, Successful solution of all problems

The means and standird deviations for the time scores of the subjects
who had completed all the problems are shown in the lower half of Table 1
of the Appendix. There was a significant difference in the variabilities
of the two sroups on problems 1, 2, 5, and 7. The differmnces between the
means were not significant on any of the problems or on the tctal scores

be Successfrl solution of some problems

The variabilities and the means of the subjects who had completed a
given problem were compared. There were significant differences in the
variabilities of the two groups on problems 1, 2, and L, The differences
between thec means were not significant. The statistical summary is
reproduced in the lower half of Table 2 of the Appendix,

Trials and Time

The assumption was made that a good score on the electromaze would be
inversely proportional to the total number of trials and the total time
for the series. However, a comparison of the two groups on this criterion
failed to show any significant differences between the variabilities or the
means of thc two groupse.

Correlations Between the Miller and the Llectromaze Scores

The prcduct moment correlations betwecn the hiller raw scores and the
electromaze scores for both groups are shown in Table 3 of the Appendix.

None of the correlations were significantly different from zero.
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Correlations Betwecen the Number of Trials and Time

The correlations between the total number of trials and the total time
to soive all the problcms are shown in Table 3, The correlation of ,70
for the physicists is significant at the one per cent level; the correlation
of ¢29 for the American Studies majors is not significantly different from
ZCTO0. |

Comparisons of the Samples on the Miller Scores

The U5 physicists who participated in both experiments were compared
with 53 American Syudics majors on the Miller Test, There were no significant
differences between thc variabilities or the means,s The distributions of
the two sets of scores were nearly normal,s The physics and the American
Studies majors who participated in the present study were also compared on
the iiller scores, Again there were no significant differences betwcen
the variabilitiecs and thce mcans,

dowever, when the 20 American Studics students who had finished all
the seven problems were compared with the eight who had not solved the
series, the mcans of the two groups were found to be significantly different,
Thce more successful group had a mcan of Th.1 as compared with 67.9 for the
other, There was no significant difference between the variabilities of the
two sets of scores,

There was no significant differences betwcen the variabilities and
the means of the Miller scores of the physics and the American Studies
majors who had completed all the problemss

Subjocts' Peactions to the Test

The subjects! frce responscs to the query: "What do you think this
device measures?", are reproduced in the Appendix, It is clear that the

great majority of the answers were given in words and expressions commonly
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associated with the definition and measuremcnt of higher mcntal processes,

The most frequently used words by both groups were: logic, logical, and

~ systematic, Other responses mentioned more than twide were: problem-

solving, flexibility, reasonin-, mathematical, patterns, imagination,

Four of the subjects thou ht that thc electromazc performance was related
to mechanical ér laboratory aptitude, but onc specifically negated the
assertion. Only two subjects thought that the device did not measure anything
and onc bclieved that there was a grecat clcment of chance involved in the
successful solution of the problems,

Conclusions

On the basis of thc data it was reasciuable to conclude that therc
were significant differences in the clectromaze porformance of gradvate
students in physics and American Studies on the first two problems,

From the low end non-significant corrclation betwcen tne Miller and
electromaze scorcs it was concluded that the two tests ncasurce different
abilities and aptitudes,.

Discussion

There were significant differences tetween the trial variabilities of
the groups on problems 1 and 2 in both investigations, Howcver, the differences
between the trial mcans on these probloms were significant in the present
study only. once, it is rcasonable to assume that there was a real difference
between the ability of the ohysicists and the American Studics students in
deducing the meaning of the cluc light, as mcasured by the trial count,

This differcnce could be accountcd for by the wide divergence in background,
experience, and intercsts characteristic of thc two test populations,

It is interesting to note that all the subjccts finished problems

1l and 2, and that there werc significant differences in the mecans and
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variabilitics in this casc also, This fact appears to suprort the assumption
concerning a rcal differencc in the two groups to solve the two clcctromaze
problens,

The fact that all but one physicist out of 26 solved all the problems,
whercas 8 out of 28 in the American Studies did not complcte the serics
appears to be significant, It is not unlikely that graduatec work in
physics places greater emphasis on experience and aptitude with respect to
the ability to formulate ncw hypothescs and to test them systematically,

The low and non-significant correlation between the killer and
clectromaze scores emphasizcs the essential difference in the nature of the
two testse The electromaze was postulatcd to be a non-verbal reasoning
test; the Miller test on the other hand is verbal by definition, However,
since there was a significant differcence between the Liller means of thosc
who finished all thc elcctromazc oroblems and tiiose who did not, it is
rcasonablc to suggest that both tcsts may measurc some similar aptitude
or cxpcricnce,

The corrclation between the total number of trials and total time
was significant and high for both groups in thc first cxpcriment, In the
present study the trials-time corrclation for the physicists was n.arly the
same as before, However, thc corrclation for the Amcrican Studrfy%;zfgow
and non-significant, Whcther or not this diffcerence in correlations indicates
a morc systematic approach in problem=-solving by the physicists is a question
requiring further investigation. Since many of thc subjects thought that
the ability to solve the clectromaze problems was rolated to "lojical thinking"
it is proposcd to carry out an investigation with graduatc students in

mathcmatics. It is also planned to obtain ratings by rcscarch supervisors

on a number of traits and to cxplore their relation to elcctromaze pcrformance,
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Summary
1. Thc clectromaze was uscd to compare the performance of graduate students
majoring in physics and American Studics,
2« There werc significant differences between the variabilities and the
mecans of the trials for the first two probliems,
3+ There were no significant differences betweun the mcans of time scores
for any and all the problcms,
L4, The corrclations between the elcctromaze performance and Miller Verbal
Analogics scorcs were not significant,
S5e¢ All but onc of the physicists complcted the problum scrics; morc than
one quarter of the Amcrican Studies group could not solve one or more of
thc problcms,
6« The corrclations between the total +ime and the number of moves was

significant for the physicists, but not for the Amcrican Studics group.
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APPENDIX

Directions
The object of each problem is to make the bell ring.

The ccnter button is an "erascr®, Pushing tiis button wlll cancel
all previous moves,

The buttons may be operated in any manner without hurting the apparatus,
Operatc the 5 buttons only,.

Try to make the bell ring in the shortest possible time and with a
a minimum numbcr of button oushis,

Hatch the orange light.



Appendix

Table 1
Means, standard deviations, F-ratios, and t-values for the electromaze problems

All subjects solved all the problems

Physics majors, N = 25; American Studies pajors, N = 20
Problems
1 2 3 L 5 6 7 Total
Statistics Number of trials
li=-physics 25,68 22,12 99,72 58,00 356,8 28,0 263.,4 1074

Ii~Am, studies 65,10 61l.70 109.8 59,25 356.L 210.5 267, 1130
G=-physics 27020 20,93 160.6 80,65 322,5 2140 265,0 638.6
&=Am, studies 68,16 63,90 139,0 68,069 361.2 127.3 312,1 L4084

——

e e et e = e e e e+ g . ST Sl
S e}

F-ratio 6e35%% 9 Li2** 1,32 1.36 1.27 2.80% 1,40 2,42

t or v 2,367% 5,59t oo .05 00 W1 oL .33

Time in Seconds

li~physics 82024 63616 171.6 70,68 537.0 L478,1 512,7 1915
li-Am, studies 9La75 86485 192,7 83445 3849 58l L09.6  183L
¢-physics 212,6  161.8 311l.L 117.5 527.8 LBL.S L77.2 1239
6 <Am, studies 99,46 71.36 272,2 11L.L  209.6 L29.3 275.5 59L.1

F-ratio L,52% 5,09 1,29  1.10  3,29% 1,26 2,97 L,30%*

t or v# 260 Lt 23 36 1200 .73 a9 Logf

#Aspin and Welch Test, when variances are not homogeneous
#meSignificant at the one per cent level

#Significant at the five per cent level
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Appendix

Table 2
Means, standard deviations, F-ratios, and t-values for the electromaze problems

N = number of subjects who solved the problem in question

Problems
1l 2 3 b

Statistics Number of trials
M-physics 26,62 22,19 98,04 56.L6

N 26 26 26 26

N 28 28 27 26
C<physics 27,07 20,53 157.7 79.L5
6-Am, studies 63486 664,59 123,1 168,1
F-ratio 5,55%* 10, L49%* 1,71 Lol
t or vF 2, 83 3,350 .30 1,22%

Time in seconds

M-pnysics 85,0 61.58 168,1 68,50

N 26 26 26 26
M-Am. studies 108.8 101.1 197,68 163.88

N 28 28 27 26
S=physics 208,9 158.9 305,8 15,7
6-Am. studies 126.2 68.59 25309 30102
F-ratio 2, 75°% 5.38%% 1.45 6. 77
t or v Lot 1,257 .38 1487
- -

#Aspin and Welch Test, when variances are not homogeneous
wSignificant at the one per cent level

#Significant at the five per cent level
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Appendix -
Table 3

Correlation matrix for trials, time, and Miller Verbal Analogies Scores

Physics majors, N = 25 American Studies majors, N = 20
Variables Correlation coefficients
Miller Scores Xy .
Physics American Studies Physics American Studies

Xy=trials to solve
problem No. 1 «005 =419

Xo=trials to solve
problem No, 2 -.15 012

X¢=trials to solve
all problems o2l W12

Ytwtotal time to solve
all problems -o02 - 09 . 70** . 29

##Significant at the one per cent level
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Appendix

What do you think this device measures?

Responses of Physics Majors

1,
26
3
L.

22,
23.
2L,
25,

Probably doesn't mcasuresmuch of anything.
Orderly thinking - no verbalization neccssary.
Ability to analyze situations; rcasoning ability.
Ability to react and to think things through.

Ability to systematically exhaust possibilitics, some imagination,
Possibly mathematical problemesolving relatced to it.
Adjusting to situation, rationality, imagination, changing sct.

Possibly rclated to logical ability,
Systecmatic approache

Manipulative skill; catching on to combinations, abstract symbolism experience

Big clement of chance,

Ingenuity, logice

Ability to infer from data,

Obscrvation,

Ability to changc approach; logical thinking.
Orientation; flexibility; lcarning.

Logic,

Oricntation to a new situation, laboratory skill, flexibility.

Follow logical scquencc,

Observation, systcmatic approach,
Flexibility, mechanical aptitudc, logic,
Memory, recasoning, symbolic logic,
Systematic pushing.

Learning, adaptability to new situations,
Mcthodical approachs

Responses of American Studies Majors

1.
2
3e
Le

Emotional stability, 2l
Intelligencc,
Problem—-solvinge 25,

Problim~solving; mathematical ability.
Ability to concuntrate, logical climinatione, 26,
Ability to change thcories.

Reasoning ability.

fatterns, rclationships,

Yattern imagination - make order of chaos,
Logic, systematic approach,

Quick thinking, quick logical dccision,
fossibly not much related to anything.
Adaptability.

Yon't know - maybe logic and reasoning.
Insight.

ligthematical ability; logic,

Keen pocreeption.

Reasoning, logic; not mcchanical ability.
Can't say - maybe Traw intelligence",
Logic,

Hypotheses,

Observation; systematic approach,

Ability to sct up and tcst hypothcscs,

Logic; patterns;
Flexibility.
Follow directions;
attitude,

Logical anproach;
laboratory knack,



